INTRODUCTION

59
Cellulose is a main component of the plant cell wall, consisting of a linear chain of several 60 hundred to many thousands of β-1,4 linked D-glucose units (McFarlane et al., 2014) . Its 61 synthesis is achieved through a plasma membrane (PM)-localized protein complex referred to 62 as the cellulose synthase complex (CSC) that has a hexameric rosette-like structure (Endler 63 and Persson, 2011) . Each of the six lobes is thought to contain three distinct cellulose 64 synthase catalytic subunits (CESAs) corresponding to CESA1, CESA3 and CESA6 (or mitochondrial activity might be required for the maintenance of functional cell walls. 
RESULTS
128
C17 Interferes with Cytokinesis during Mitotic Division
129
Plants are vulnerable to environmental stress conditions that interfere with a series of 130 physiological processes, ultimately resulting in a cell cycle exit and growth inhibition.
131
Compounds that interfere with cell division can be identified by assessment of intracellular 132 DNA accumulation. To screen for novel cell division-interfering compounds, a high- Figure 2C ). The C17 inhibitory activity was attenuated in these C17-tolerant mutants 155 which, in the presence of the compound, had longer roots and bigger cotyledons compared 156 with wild-type seedlings ( Figure 2D ).
157
Based on C17 sensitivity, the segregation ratio of F2 progenies indicated that 15 mutants whereas seven mutants exhibited a recessive phenotype (3:1 ratio, sensitive:tolerant) ( Table   160 1), thus indicating that C17 tolerance resulted from single-gene mutations. All mutants were 3A and 3B). The CESA1 and CESA3 loci of the remaining C17-tolerant mutants were 168 sequenced, revealing that all identified C17-tolerant mutants carried a single-nucleotide 169 missense change at either CESA1 or CESA3, all resulting in an amino acid change (Table 1) .
170
Collectively, this mutant series consisted of ten mutant alleles of CESA1 and two of CESA3 171 (Table 1) . Protein sequence analysis showed that most mutated amino acids clustered to the 172 transmembrane (TM) regions of the CESA proteins ( Figure 3C ). Furthermore, amino acid 173 alignment of CESA1/CESA3 homologues from seven species revealed that ten of these 12 174 mutated amino acids are invariant (Supplemental Figure 2 ). 
). These results demonstrate that C17's effect on cellulose is caused by a removal of the
186
CESA complexes from the plasma membrane. Cortical microtubules guide the movement of 187 the CESA complexes in the plasma membrane (Crowell et al., 2009; Gutierrez et al., 2009 ).
188
C17 application did not affect microtubule organization, demonstrating that the observed 189 CESA3-GFP depletion was not due to microtubule depolymerization (Supplemental Figure   190 3). To isolate putative components responding to CESA deficiency, a second mutagenesis screen 209 was performed at a low dose of C17 (200 nM) using T-DNA insertion lines. At this moderate 210 concentration of C17 root growth was inhibited instantly upon transfer to C17-containing 211 medium ( Figure 5C ). Two insertion lines (SALK_017325C and SALK_020569C, hereafter 212 referred to as cell wall maintainer1-1 (cwm1-1) and cwm2-1, respectively) exhibited 213 significant suppression of the growth inhibition in the presence of C17 ( Figure 6A and 6B).
214
The cwm1-1 line has a T-DNA insertion in the AT1G17630 locus, cwm2-1 in AT5G44570.
215
Suppression of C17 sensitivity by AT1G17630 deficiency was confirmed with two 216 independent T-DNA insertion lines (SALK_124160, cwm1-2 and SALK_078133, cwm1-3) of 217 this locus. The T-DNA inserts in these three lines are positioned in the region of AT1G17630 218 encoding a predicted pentatricopeptide repeat (PPR)-like protein (Supplemental Figure 5A ).
219
Although the annotated cwm2-1 mutant (SALK_020569C) is a knockout of AT5G44570,
220
an independent T-DNA insertion line (SAIL_699_C11) could not suppress the C17-induced 221 growth inhibition (Supplemental Figure 5B) kb region, between SSLP markers CH1_11687 and CH1_11859 (Supplemental Figure 5C ).
226
PCR analysis of T-DNA flanking sequences identified a second T-DNA insert positioned in 227 the coding region of the AT1G32415 locus that also encodes a PPR-like superfamily protein.
228
In addition to cwm2-1, the SALK_027874 line (cwm2-2) that harbours an independent T-
229
DNA insert resulting in the depletion of the full-length mRNA transcribed from the 230 AT1G32415 locus (Supplemental Figure 5C ) also exhibits C17 tolerance ( Figure 6A and 6B Figure 7A ), while an editing defect in the ccmC transcript was 245 identified in cwm2 ( Figure 7B ). nad5 encodes a subunit of NADH dehydrogenase in 246 mitochondrial complex I, whereas both ccmB and ccmC are required for the maturation of 247 cytochrome c (Kranz et al., 2009; Millar et al., 2011) . Consistent with this, a dramatic 248 decrease in cytochrome c content was observed in all cwm mutants, whereas the level of the To determine the abundance of assembled respiratory complexes, total membrane proteins 258 were resolved by blue native polyacrylamide gel electrophoresis, and specific complexes were the cwm mutants (Supplemental Figure 8 ).
9
To explore whether mitochondrial defects lay at the origin of a signalling cascade that 276 conferred C17-tolerance, we applied antimycin A (AA), a well-characterized inhibitor of 277 mitochondrial complex III, and rotenone (RO), a complex I inhibitor, to wild-type plants.
278
Similar to the cwm1 and cwm2 mutants, AA suppressed the C17-induced growth inhibition
279
( Figure 9A and 9B) and reversed the brittle cell wall phenotype ( Figure 9C ). Contrastingly,
280
RO did not confer C17 tolerance ( Figure 9A and 9B The cell wall is anticipated to help plants to cope with environmental stimuli, such as osmotic 294 stresses (Zhu et al., 2010; Tenhaken, 2015) . Correspondingly, C17-treated plants and the je5 295 mutant show a severe root growth inhibition in response to mannitol ( Figure 10A and 10B). that forms during cytokinesis (Miart et al., 2014) . Correspondingly, the cesa1 rsw1-20 mutation 329 results in incomplete cell plates (Beeckman et al., 2002) .
330
The mechanism underlying the plasma membrane depletion of CSCs triggered by C17 depletion from the plasma membrane, likely through a change in cell wall composition.
407
Moreover, in view of the fact that mitochondrial activity is inhibited under osmotic stresses 408 (Skirycz et al., 2010; Vanderauwera et al., 2012) , our data point to a possible mechanism The PSB-L_H2B-YFP cell line was obtained through co-cultivation of the Arabidopsis 439 thaliana PSB-L cell suspension culture (Landsberg erecta) (May and Leaver, 1993) hydrolysed with H 2 SO 4 as described previously (Updegraff, 1969 
RNA Editing Analysis
556
For analysis of RNA editing, total RNA was isolated from the root tips (3-5 mm) of 5-day-old 557 seedlings using an RNeasy plant mini kit (Qiagen) and treated with DNase I (Invitrogen).
558
DNA-free RNA (2 μg) was reverse transcribed and sequences including the editing sites were 559 amplified by PCR. Primers to amplify the mitochondrial transcripts are described previously
560
(Bentolila et al., 2013). The RT-PCR products were sequenced immediately.
562
Isolation of Mitochondria and Immunoblots 563
For analysis of mitochondrial protein content through immunoblotting, mitochondria were 564 isolated from two-week-old hydroponically grown Arabidopsis seedlings, according to the 565 method described previously (Murcha and Whelan, 2015) . Mitochondrial proteins were 566 separated by SDS-PAGE (Bio-Rad, Sydney) or blue-native gels as described previously 567 (Eubel et al., 2005) , followed by transfer to Hybond-C extra nitrocellulose (Bio-Rad, Sydney).
568
Immunodetections were carried out as described previously . To ensure 
Supplemental Data
592
The following materials are available in the online version of this article. -1 and cwm2-2) . 2 µg or 4 µg of mitochondrial proteins were separated with SDS-PAGE and stained with Coomassie blue. (C) Mitochondrial complexes in wild type (WT), cwm1 mutants (cwm1-1 and cwm1-2) and cwm2 mutants (cwm2-1 and cwm2-2). Mitochondrial proteins were separated with blue native polyacrylamide gel electrophoresis (BN-PAGE). Atpb antibody was used to visualize complex V (C), RISP for complex III (D), COXII for complex IV (E), and NDUFS4 for complex I (F). The identities of protein complexes are indicated on the left or right of the blots: I -complex I; IV -complex IV; V -complex V; III2 -dimeric complex III; I+III2 supercomplex composed of complex I and dimeric complex III; I2+III4 -a dimer of supercomplex I+III2. . Data represent mean ± SD (n > 10). Statistically significant differences compared with Mock are indicated, *P < 0.01 (two-tailed Student's t-test). (B) Root growth of je5, je5 cwm1 and je5 cwm2 mutants in presence of 250 mM mannitol. Three-day-old seedlings grown on half-strength MS medium were transferred to medium with 250 mM mannitol for 2 days; Arrowheads indicate root tip position at the moment of transfer. Scale bar = 2.5 mm. (C) Relative 2-day elongation of wild type (Col-0), cwm1-1, cwm2-1, je5, je5 cwm1-1 and je5 cwm2-1 after transfer to the medium supplemented with 250 mM mannitol. Data represent mean ± SD (n > 10). Statistically significant differences compared with wild-type plants are indicated, *P < 0.01 (two-tailed Student's t-test). Model depicturing the relationship between the cell wall (orange) and mitochondria (green) under osmotic stress conditions. Osmotic stress exerts at least two different effects on the plants: damage and adaption. Damage occurs through the depletion of CESA complexes from the plasma membrane, resulting in decreased cellulose production that in turn leads to cell wall weakening and loss of cell wall integrity. Adaptation occurs in response to inhibition of mitochondrial activity, which triggers retrograde signalling that eventually results in cell wall fortification. CESA inhibitors (including C17, isoxaben and indaziflam) mimic the process of cell wall damage, whereas inhibition of mitochondrial activity can be simulated by mutations in mitochondrial editing genes (such as CWM1 and CWM2) or application of chemical inhibitors (such as Antimycin A). The presence of both CESA and mitochondrial inhibitors likely mimics osmotic stress conditions, in which a decrease in cellulose content is matched by retrogradeinduced cell wall modifications.
C17-tolerant mutants Genetic property Gene mutated Mutation position
1B Semi-dominant CESA1 A1023T 3D Semi-dominant CESA1 V297M 3E, 4H, 7L, 17Y, 19B1 Semi-dominant CESA1 A1018V 3G, 9Q Recessive CESA1 L872F 3F Semi-dominant CESA1 S892N 9R Recessive CESA1 G1013R 14V Semi-dominant CESA1 K945R 14U, 17Z, 20D1 Recessive CESA1 G1013E 18A1 Recessive CESA1 S307L 20C1 Semi-dominant CESA1 P1010L 2C, 5R, 6K, 15W Semi-dominant CESA3 S983F 8P Semi-dominant CESA3 S1037F
